Localizations of complement component 3 (C3) receptor (C3R)-bearing cells in lymph nodes obtained from normal guinea pigs or from guinea pigs inoculated with complete Freund adjuvant were examined by staining with fluoresceinlabeled anti-guinea pig C3 antibody after treatment with aggregated rabbit immunoglobulin M bound with guinea pig complement. In normal lymph nodes, a small number of C3R-positive cells were observed in the cortical and medullary areas. Non-granulomatous lymph nodes from complete Freund adjuvant-inoculated animals showed a number of C3R-positive lymphocytes in a mantle zone of the secondary follicles between the follicles and medullary cords, whereas in the paracortical areas and germinal centers, only a few positive cells were scattered. Long-lasting existence of positive cells was seen in the epithelioid cell granuloma, although the staining patterns were different from those of the lymphocytes. The appearance of a number of C3R-bearing lymphocytes in lymph nodes from complete Freund adjuvant-inoculated animals might be an expression of adjuvant activity.
Localizations of complement component 3 (C3) receptor (C3R)-bearing cells in lymph nodes obtained from normal guinea pigs or from guinea pigs inoculated with complete Freund adjuvant were examined by staining with fluoresceinlabeled anti-guinea pig C3 antibody after treatment with aggregated rabbit immunoglobulin M bound with guinea pig complement. In normal lymph nodes, a small number of C3R-positive cells were observed in the cortical and medullary areas. Non-granulomatous lymph nodes from complete Freund adjuvant-inoculated animals showed a number of C3R-positive lymphocytes in a mantle zone of the secondary follicles between the follicles and medullary cords, whereas in the paracortical areas and germinal centers, only a few positive cells were scattered. Long-lasting existence of positive cells was seen in the epithelioid cell granuloma, although the staining patterns were different from those of the lymphocytes. The appearance of a number of C3R-bearing lymphocytes in lymph nodes from complete Freund adjuvant-inoculated animals might be an expression of adjuvant activity.
A number of studies have revealed the presence of a receptor for complement component 3 (C3) on the cell surfaces of B-lymphocytes and macrophages. It has been suggested that C3 receptor (C3R)-bearing lymphocytes contribute to antibody production (4, 14, (20) (21) (22) . Moreover, C3R on macrophages has been known to play an important role in the phagocytosis of complement-attached antigens (11, 12) and in other functions (27, 32) . Complete Freund adjuvant (CFA), the most common adjuvant substance, develops epithelioid granuloma in the regional lymph nodes, accompanied by marked enhancement of antibody formation. It is generally accepted that epithelioid cells are derived from macrophages, but the existence of C3R on epithelioid cells is obscure. It is of interest, therefore, to determine the localization and population of C3R-bearing cells within lymph nodes stimulated with adjuvant substances.
In the present study, receptors for C3 were detected by staining lymph node tissues with fluorescein-labeled anti-guinea pig C3 antibody after combining the tissue with aggregated immunoglobulin M (IgM) and complement complex. Lymph nodes from guinea pigs inoculated with CFA revealed a number of C3R-bearing lymphocytes in the true cortical and medullary areas, but as the nodes were replaced by the granulomatous lesions, these cells decreased in number. The cells which constituted epithelioid granulomatous lesions also showed the presence of C3R but with different staining patterns.
MATERIALS AND METHODS
Animals. Strain 13 guinea pigs weighing 500 to 800 g each and bred in our animal facility by one generation expansion of breeding pairs purchased from Nisseiken, Tokyo, Japan, were used.
Preparation of granulomatous tissue. Guinea pigs were injected with 0.2 ml of a water-in-oil emulsion of CFA (H37Ra; Difco Laboratories, Detroit, Mich.) in the left hind footpad for primary granuloma production. For secondary granuloma production, the same emulsions were reinjected into the right footpad of the animals 4 weeks after the primary injection. After 1 to 5 weeks, the popliteal lymph nodes were excised and cut into two parts. Half of the lymph nodes were fixed with periodate-lysine-paraformaldehyde fixative (18) footpads were excised and stained for C3R (Table 2). Many brightly stained cells were seen diffusely or in a mass in the mantle zone of the secondary follicles of the cortex (Fig. 1) . In the medullary cord and the cortico-medullary junction areas, a number of stained cells were also observed. These positive cells were found in lymph nodes obtained 1 or 2 weeks after reinoculation with CFA. On the other hand, most of the germinal centers contained no positive cells except for a small number which were mainly situated in the periphery of the germinal centers. In the paracortical areas, there were a small number of scattered cells which stained. These brightly stained cells were determined, from their sizes and localization, to be B-lymphocytes.
Regional lymph nodes from CFA-inoculated animals. (i) Primary inoculation. One week after inoculation, small granulomatous lesions were distributed randomly in the whole parenchyma of the lymph nodes. The paracortical areas were enlarged, and the medullary cords were thickened. Only a few secondary follicles were observed to remain. At 2 to 3 weeks later, the granulomatous lesions occupied one-half to twothirds of the areas of the markedly enlarged lymph nodes. The follicular and medullary structures disappeared completely, and the lymphocytes between the lesions were observed to decrease in number. Toward 5 weeks, the granulomatous changes entered a recovery stage and were replaced with an increasing number of lymphocytes, although the follicular and medullary cord structures were not reconstructed yet.
At 1 week, the C3R-bearing cells which were stained brilliantly were found in moderate numbers around the germinal centers and in many numbers in the medullary cords (Table 2) . These positive cells decreased at 2 and 3 weeks inversely with development of the granulomatous lesions. In these lymph nodes, the C3R-positive cells remained in small clusters between the granulomatous lesions. The lymph nodes at 5 weeks showed no or only a small number of brightly stained cells, although the number of lymphocytes increased between the lesions. Some sinuses were infiltrated with many macrophages which were stained in a way similar to the dotted line of the cytoplasmic rims observed in normal lymph nodes. However, in most of the lymph nodes which contained many brightly stained cells, the stained macrophages could not be recognized because the lymphocytes were stained so intensely that the weaker staining of macrophages was hidden.
The cells which constituted the granulomatous lesions were stained in a way similar to the dotted line of the cell surface and increased in number at 2 to 3 weeks (Fig. 2) . The granulomatous lesions consisted mainly of epithelioid cells.
(ii) Secondary inoculation. At 1 week after the secondary CFA inoculation, the granulomatous lesions occupied almost one-half to two-thirds of the areas of the enlarged lymph nodes. Some follicular structures between the lesions and some densely packed lymphocytes were apparent. After 2 weeks, the lesions increased in size and fused with each other to make large granulomatous areas. The follicular and medullary cord structures became obscure, and the number of lymphocytes decreased. At 5 weeks, the peripheral area of the lymph nodes, including the peripheral sinuses, showed granuloma formation, whereas enlarged paracortical and medullary areas were replaced with lymphocytes, although the follicular structures still did not reappear.
C3R-bearing cells at 1 week were observed between the granulomatous lesions and in the medullary areas in great numbers, but there were only a few positive cells in the germinal centers (Fig. 3) . These brightly stained cells decreased in number after 2 weeks, although small collections of positive cells still remained around the lesions. Granulomatous areas at 1 week showed the same dotted staining patterns as those at 2 or 3 weeks in the primary lesions and almost disappeared at 5 weeks (Fig. 4) .
DISCUSSION
Many workers have reported that C3R on Bcell and macrophage membrane surfaces participates in immune initiation and modulation of immune responses (29) . C3R-bearing lymphocytes are small B-cells (20) which also carry surface immunoglobulin (26, 28) . It has been suggested that complement receptor-bearing lymphocytes contribute to antibody production (4, 14, 20) , cooperation between T-and Blymphocytes (21) , and production of migration inhibition factor when stimulated by lipopoly-FIG. 2. Granulomatous lymph node from a guinea pig 2 weeks after CFA primary inoculation into the footpads. The staining method was the same as that described in the legend to Fig. 1 . Staining figure shows scattered dots or dots arranged in a short line all over the granulomatous tissues. Adjoining section of this granulomatous tissue is stained by hematoxylin-eosin, which shows epithelioid cell granuloma. Magnification, x250. saccharide or tuberculin (3). In addition, Koopman et al. (13) have showed that C3R bound with the receptor on spleen cells triggers the cells to release macrophage chemotactic factors.
On the other hand, functions of C3R on macrophage plasma membranes have been studied mainly in relation to phagocytic activity (12, 16 4 . Granulomatous lymph node from a guinea pig 1 week after CFA secondary inoculation into the pig 2 weeks after CFA secondary inoculation. The footpads. The staining method was the same as that staining method was the same as that described in the described in the legend to Fig. 1 In other studies, Schorlemmer et al. (27) and Riches and Stanworth (23) have showed that guinea pig C3b in the fluid phase triggers the release of lysosomal enzymes from mouse macrophages in vitro, and van Furth and Leijh (32) have reported that the Fc fragment of IgG and complement component C3b cause the intracellular killing of bacteria by macrophages via an attachment of Fc and C3b to macrophage membrane receptors.
As the lymph nodes are the major immune response environment for humoral and cell-mediated immunity and C3R-bearing B-cells and macrophages have many relations to immune responses, as mentioned above, it is of interest to determine what kinds of cell species bear C3R, where these cells localize, and how many of their populations appear in the adjuvantstimulated lymph nodes as compared with normal lymph nodes. Linder et al. (15) have demonstrated the presence of C3 on frozen sections by the immunofluorescent-antibody method, using anti-human C3 serum after incubation of the tissue sections with normal human sera, and Ross and Polley have (25) demonstrated the presence of complement receptors in B-cells, using soluble complement fragments and the indirect method of immunofluorescence. In the present experiment, we showed also that guinea pig complement combined with cell surface C3R could be detected by FITC-labeled anti-guinea pig C3 antibodies.
In the present experiment, normal guinea pig lymph nodes showed only a small number of positive cells in the true cortex and in the medullary cords. The cells within the sinuses were also stained, but their staining patterns were different from those of the cells in the cortical and medullary cords. The former were stained intensely or faintly as a dotted line on the cell surface, and the latter were small and stained brightly along the whole rim of the cell membrane. From the shape, size, and localization, we postulated that the cells within the sinuses are macrophages and the cells in the cortical and medullary cords are B-lymphocytes.
By the method of EAC (erythrocyte coated with antibodies and C3) rosette formation, it was shown that complement receptors were present in the germinal centers, mantle zones, primary follicles, and medullary cords (31), but they were not detected in the thymus-dependent areas in human, mouse, rabbit, rat, or guinea pig lymphoid tissues (3, 6, 27, 30, 31) . Using antiGerdes and Stein (7) have also demonstrated the presence of C3R in the germinal center and follicular mantle zone and a significant number of these cells in the interfollicular zone, but Meijer and Lindeman (19) have found that some germinal centers fail to bind EAC. The mandibular lymph nodes, which are located far from the injected sites of the CFA-inoculated animals used in the present experiment, showed no granulomatous lesions but contained many intensely stained C3R cells in the true cortex, including the mantle zone of secondary lymphoid follicles and the medullary areas, whereas in the germinal center and paracortical area, only a small number of scattered positive cells were seen. Our failure to demonstrate the presence of C3R in the germinal centers is not yet explained.
Positively stained lymphocytes were seen in the lymphoid tissues between epithelioid granulomatous lesions of the regional lymph nodes and in the true cortex and medullary area of the non-granulomatous lymph nodes located far from the injected sites at 1 and 2 weeks after primary and secondary CFA inoculations. This result suggests that a marked increase of C3R-bearing lymphocytes occurred in the lymph nodes by adjuvant inoculation, whether the lymph nodes were located regionally or far from the injected sites. These cells are probably responsible for adjuvant activity of CFA, such as enhancement of antibody formation or memory cell formation, as already reported (4, 14, 15, 20) . Furthermore, since C3R-bearing B-lymphocytes are known to release lymphokine when stimulated by tuberculin (20) or C3 (13) , the local accumulation of macrophages is considered to be due in part to the lymphokine released from these lymphocytes. Consequently, granuloma formation might be accelerated.
Stained macrophages in the sinuses were detected only occasionally in lymph nodes in which the lymphocytes were relatively faintly stained, because in the majority of the examined lymph nodes the faint staining of macrophages seemed to be hidden by the intense staining of the lymphocytes in the medullary cord. At 3 weeks after the primary inoculation and 5 weeks after the secondary inoculation, granulomatous lesions disappeared gradually and were replaced by an increasing number of lymphocytes. How (24) reported that the skin lesions of tuberculoid leprosy bound EAC but lost the capacity to bind EA, in contrast to their activity in lepromatous leprosy, in which they bind only EA. In the present experiment, the granulomatous lesions consisting mainly of epithelioid cells showed elongated cells positively stained as scattered dots or a dotted line along the cell membranes. This staining pattern resembles that of the macrophages in the sinuses. However, C3R-bearing cells in primary granuloma at 5 weeks and secondary granuloma at 2 weeks or more decreased or lost their C3R staining ability. Griffin (9) has showed that mouse peritoneal macrophages treated with lymphokines enhance the ability to phagocytize complement-coated particles through their C3 receptors. At a later stage of CFA inoculation, lymphokine production in granulomatous lesions was considered to diminish as antigenic stimulus disappeared. Thus, lymphokine depletion and the disappearance of FcR on epithelioid cells, as Grecchi et al. (8) have reported, might lead to a loss in phagocytic activity of epithelioid cells. However, in the present study, C3R was maintained on the epithelioid cells for some time, indicating that C3R might have some function in relation to epithelioid cells, the precise relation of which remains to be elucidated. 
